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(54) SEAT BELT DEVICE FOR VEHICLE 

(57) A seatbelt apparatus includes an electric motor 
20 for winding a seatbelt 12, and a microcomputer 30 
for controlling the electric motor 20. The microcomputer 
30 controls the electric motor 20 so as to wind the seat- 
belt 12 at a winding load which increases to a first wind- 
ing load at a first rising gradient when collision is detect- 
ed using a detected length and a detected vehicle ve- 
locity by a length sensor 41 and a vehicle velocity sensor 



42. The microcomputer 30 controls the electric motor 20 
so as to wind the seatbelt 12 at a winding load which 
increases to a second winding load which is largerthan 
the first winding load at a second rising gradient which 
is largerthan the first rising gradient when an emergen- 
cy braking operation is detected by detection signal from 
a brake switch 43. Therefore, the seatbelt can be wound 
at a winding mode and a winding load which can protect 
a passenger without giving much feeling of discomfort. 
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Description 

Technical Field 

[0001] The present invention relates to a vehicle seat- 
belt apparatus provided with a winder for winding a seat- 
belt. 

Background Art 

[0002] Hitherto, an apparatus of this type is adapted 
to predict a collision with an object of collision and detect 
the collision as disclosed in Japanese Unexamined Pat- 
ent Application Publication No. 6-286581. A seatbelt is 
wound at a first winding load when the collision is pre- 
dicted. The seatbelt is wound at a second winding load 
which is larger than the first winding load when the col- 
lision is detected, 

[0003] As the apparatus in the related art as described 
above, although a passenger is protected by winding of 
seatbelt when a collision is predicted and when the col- 
lision is occurred, such winding of the seatbelt con- 
strains the passenger, and if the constraining force of 
the seatbelt is too large, it gives the passenger a sense 
of discomfort. Therefore, it is desired to provide a wind- 
ing mode and a winding load of the seatbelt which can 
protect a passenger while giving the passenger the 
sense of discomfort as little as possible. 

Disclosure of the Invention 

[0004] In order to cope with the above-described 
problem, it is an object of the present invention to pro- 
vide a vehicle seatbelt apparatus in which a seatbelt is 
wound at a winding mode and a winding load which can 
protect a passenger while giving a sense of discomfort 
as little as possible. 

[0005] In order to achieve the above-described ob- 
ject, a characteristic of the vehicle seatbelt apparatus 
provided with a winder for winding a seatbelt according 
to the present invention is in that collision predicting 
means for predicting a collision with an object of colli- 
sion, and first winding control means for controlling the 
winder so as to wind the seatbelt at a first winding load 
when a collision is predicted by the collision predicting 
means are provided. In this case, the first winding load 
may be set, for example to a value between 80N and 
120N inclusive. 

[0006] The characteristic of the present invention is 
also in that the collision predicting means for predicting 
the collision with the object of collision, and the first 
winding control means for controlling the winder so as 
to wind the seatbelt while increasing the winding load of 
the seatbelt at a first rising gradient from a moment when 
the collision is predicted by the collision predicting 
means. In this case, the first rising gradient may be set 
to a value equat to or larger than 1 00N/1 80ms and small- 
er than 100N/100ms. The winding load of the seatbelt 



which is increased by the first winding control means 
may be limited up to the first winding load. 
[0007] In these characteristics of the present inven- 
tion, the collision predicting means may be configured 

5 to have, for example, a radar device using extremely 
high-frequency wave (millimetric-wave), or ultrasonic 
wave, a camera, and the like, and to predict the collision 
by measuring a length to the object of collision (for ex- 
ample, a vehicle existing in front) and considering a ve- 

10 locity of the vehicle in question with respect to the meas- 
ured length. For example, the collision predicting means 
may predict the collision with the object of collision by 
continuously detecting the length from the vehicle in 
question to the object of collision and, based on the de- 

15 tected length which varies with time. According to the 
present invention configured in this manner, when the 
collision is predicted, a constraining force of the seatbelt 
and variations in the constraining force is restricted, and 
hence the feeling of discomfort of the passenger due to 

20 the constraining force of the seatbelt can be alleviated. 
[0008] Another characteristic of the vehicle seatbelt 
apparatus provided with the collision predicting means 
and the first winding control means of the present inven- 
tion is also in that an emergency brake detecting means 

25 for detecting an emergency braking state, and second 
winding control means for controlling the winder so as 
to wind the seatbelt at a second winding load which is 
larger than the first winding load when the emergency 
braking state is detected by the emergency brake de- 

30 tecting means are provided. In this case, the second 
winding load may be set, for example, to a value equal 
to or larger than 150 N. 

[0009] Another characteristic of the vehicle seatbelt 
apparatus provided with the collision predicting means 

35 and the first winding control means of the present inven- 
tion is in that the emergency brake detecting means for 
detecting the emergency braking state, and the second 
winding control means for controlling the winder so as 
to wind the seatbelt while increasing the winding load of 

40 the seatbelt at a second rising gradient which is larger 
than the first rising gradient from a moment when the 
emergency braking state is detected by the emergency 
brake detecting means are provided. In this case, the 
second rising gradient may be set to a value equal to or 

45 larger than, for example, 1 00N/1 00ms. The winding load 
of the seatbelt which is increased by the second winding 
control means may be limited up to the second winding 
load. 

[0010] In these or other characteristics of the present 
so invention, the emergency brake detecting means may 
be adapted to detect a pressed amount, a pressing 
speed, and a pressing force of a brake pedal, or a brake 
hydraulic pressure and, when the detected value is 
equal to or larger than the predetermined value, to de- 
55 tect the emergency braking state. 

[0011] The emergency braking state in these other 
characteristics of the present invention is based on the 
passenger's intension, and hence even when the wind- 
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ing load and the rising gradient of the winding load of 
the seatbelt is increased to a certain extent, the passen- 
ger does not have much feeling of discomfort. There- 
fore, by carrying out the second winding control in addi- 
tion to the first winding control described above, the pro- 
tection of the passenger is ensured without giving much 
feeling of discomfort to the passenger. 

Brief Description of the Drawings 

[0012] 

Fig. 1 is a genera! schematic drawing of a seatbelt 
apparatus according to an embodiment of the in- 
vention. 

Fig. 2 is a flowchart of a winding control program 
implemented by a microcomputer shown in Fig. 1 . 
Fig. 3 is a graph showing variations in first and sec- 
ond winding loads with time when a seatbelt is 
wound by first and second winding control process 
in the winding control program shown in Fig. 2. 

Best Mode for Carrying Out the Invention 

[0013] Referring now to the drawings, an embodiment 
of the present invention will be described. Fig. 1 sche- 
matically shows a vehicle seatbelt apparatus according 
to the embodiment. The vehicle seatbelt apparatus in- 
cludes a seatbelt mechanism SB and an electric control 
device EL. 

[0014] The seatbelt mechanism SB includes a seat- 
belt 1 2 for constraining and protecting a passenger seat- 
ed on a seat 11. The seatbelt 12 is pulled out from a 
retractor device 1 3 provided on one side of the seat 1 1 , 
is slidably supported by a shoulder belt anchor 14 at a 
midsection thereof, and is fixed to the other side of the 
seat 11 at the other end thereof. The midsection of the 
seatbelt 12 is provided with a tongue plate 15 assem- 
bled so as to be capable of moving. The tongue plate 
1 5 is adapted to be detachably fitted to a buckle 1 6 fixed 
to the other side of the seat 1 1 . The retractor device 1 3 
includes an electric motor 20 for winding the seatbelt 12 
in case of emergency, and a mechanism for prohibiting 
the wound seatbelt 12 from being pulled out. 
[0015] The electric control device EL includes a mi- 
crocomputer 30 having a CPU, a ROM, a RAM, and a 
timer. The microcomputer 30 controls a current amount 
to be supplied to the electric motor 20 via a drive circuit 
31 by repeatedly implementing a winding control pro- 
gram shown in Fig. 2 at predetermined short intervals. 
Accordingly, a winding load and a rising gradient of the 
winding load of the seatbelt 12 by the electric motor 20 
are controlled. A length sensor 41 , a vehicle velocity 
sensor 42, and a brake switch 43 are connected to the 
microcomputer 30. 

[0016] The length sensor 41 includes a radar device 
using extremely high-frequency wave (millimetric- 
wave), ultrasonic wave, or the like mounted to a front 



end of the vehicle, and detects a length Lx from the front 
end of the vehicle to a substance in front (mainly, a ve- 
hicle in front). The vehicle velocity sensor 42 detects a 
vehicle velocity V by counting the number of revolution 
5 of an output shaft of a transmission. The brake switch 
43, having a function to detect sudden braking applied 
by the passenger, is usually in an OFF-state s and is 
switched to an ON-state when a brake pedal is deeply 
pressed. 

io [001 7] Subsequently, an operation of the embodiment 
configured as described above will be described. By 
turning on an ignition switch, the microcomputer 30 
starts repeated implement of the winding control pro- 
gram shown in Fig. 2 at predetermined short intervals. 

is The implement of the winding control program is started 
in Step 1 00, the microcomputer 30 inputs a signal indi- 
cating the state of the brake switch 43 in Step 102, and 
determines whether the sudden braking Is being oper- 
ated or not depending on whether or not the same switch 

20 43 js in the ON-state is determined. 

[0018] A case in which the sudden braking is not op- 
erated will now be described. In this case, it is deter- 
mined to be "No" in Step 102, and the procedure goes 
to Step 1 04 and onward. In Step 1 04, the microcomputer 

25 30 inputs the vehicle velocity V detected by the vehicle 
velocity sensor 42, and determines whether the vehicle 
velocity V is equal to or higher than a predetermined low 
vehicle velocity V 0 (for example, 5 km/h) or not, whereby 
the microcomputer 30 determines whether the vehicle 

30 is in a traveling state or not. When the vehicle is in a 
substantially stopped state, and the vehicle velocity V is 
lower than the predetermined low vehicle velocity V 0 , it 
is determined to be "No" in Step 1 04, and the procedure 
goes to Step 122. In Step 122, the microcomputer 30 

35 determines whether it is under the winding control of the 
seatbelt 12 or not in Steps 118, 120 described later. 
When the microcomputer 30 is not under the winding 
control of the seatbelt 12, it is determined to be "No" in 
Step 1 22, and the implement of the winding control pro- 

40 gram in Step 1 28 is ended once. 

[0019] On the other hand, when the vehicle starts 
traveling and it is determined to be "Yes", that is, the 
vehicle velocity V is equal to or higher than the prede- 
termined low vehicle velocity V 0 in Step 104, the micro- 

45 computer 30 implements the processes from Step 106 
and onward. In Step 106 : the length Lx from the front 
end of the vehicle to the substance in front detected by 
the length sensor 41 is input, and is set as a new length 
Lnew indicating the input length by the implement of the 

so program of this time. Subsequently, in Step 1 08, a sub- 
tracted vale Lold- Lnew which is obtained by subtracting 
the new length Lnew from the length Lx input at the time 
of previous implement of the program (hereinafter, re- 
ferred to as the previous length Lold) is divided by an 

55 implement intervals At of the winding control program, 
thereby calculating a relative velocity Vab (=(Lold-Lnew) 
/At) with respect to the substance in front. The previous 
length Lold is set to "0" by an initial setting procedure, 
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not shown. In this case, the relative velocity Vab calcu- 
lated at the first time is a negative value, and it is deter- 
mined to be "No" in Step 112, described later and hence 
the procedure goes to Step 122. Therefore, even when 
the relative velocity Vab calculated at the first time is not 
suitable, this does not cause a problem. 
[0020] After having calculated the relative velocity 
Vab, the previous length Lold is renewed to the new 
length Lnew for the next calculation of the relative ve- 
locity Vab. Subsequently, in Step 112, the microcomput- 
er 30 determines whether the same relative velocity Vab 
is a positive value or not. When the relative velocity Vab 
is not a positive value, it is determined to be "No" in Step 
1 12 as described above, and the procedure goes to Step 
122. It is because that the fact that the relative velocity 
Vab is not a positive value means that the length Lx from 
the front end of the vehicle to the substance in front does 
not vary, or increases, and in this case, there is no pos- 
sibility of collision of the vehicle with the substance in 
front. 

[0021] On the other hand, when the relative velocity 
Vab is a positive value, it is determined to be "Yes" in 
Step 112, and the procedure goes to Step 114. In Step 
1 14, a time Ts (=Lnew/Vab) until the front end of the ve- 
hicle collides with the substance in front if the vehicle 
continues to travel at the current relative velocity Vab is 
calculated by dividing the new length Lnew by the rela- 
tive velocity Vab. Hereinafter, the time Ts is referred to 
as a collision time. Subsequently, in step 116, the micro- 
computer 30 determines whether the collision time Ts is 
equal to or lower than a predetermined time Ts 0 or not. 
In this case, the predetermined time Ts 0 is set, for ex- 
ample, to a value on the order of 0. 5 seconds, which is 
an estimated time that the front end of the vehicle will 
collide the substance in front unless the passenger (op- 
erator) performs a collision avoiding operation such as 
pressing of the brake pedal or maneuvering of a steering 
handle or the like quickly. 

[0022] When the front end collision time Ts is larger 
than the predetermined time Ts 0? it is determined to be 
"No" in Step 116, and the procedure goes to Step 122. 
On the other hand, when the collision time Ts is equal 
to or lower than the predetermined time Ts 0 , it is deter- 
mined to be "Yes" in Step 116, that is, collision predicted, 
and a first winding control process is carried out in Step 
118. 

[0023] In the first winding control process, the current 
amount flowing in the electric motor 20 is controlled in 
such a manner that the winding load of the seatbelt 12 
is continuously increased at a predetermined first rising 
gradient (for example, 1 00N/1 40ms) and, when it reach- 
es a predetermined first winding load (for example, 
1 00N), the same first winding load is maintained (see a 
thick solid line in Fig. 3). By this control of the electric 
motor 20, the seatbelt 1 2 is wound in the retractor device 
1 3, and the passenger is constrained by the seatbelt 1 2. 
[0024] The inventors obtained the following experi- 
mental result relating the first rising gradient and thef irst 



winding load. When the first rising gradient is equal to, 
or larger than, 100N/180ms, and smaller than 100N/ 
1 00ms (range A shown in Fig. 3), major part of the peo- 
ple can accept the constraint by the seatbelt 12. In con- 

s trast, when the first rising gradient is equal to, or larger 
than 1 OON/100ms, major part of the people feel that the 
constraint by the seatbelt 12 is at the acceptable limit, 
or unacceptable. The lower limit value 100N/180ms of 
the first rising gradient is a value determined from a 

10 viewpoint of protection of the passenger. 

[0025] Relating to the first winding load, when it is in 
the range between 80 N and 120 N inclusive (the range 
A in Fig. 3), major part of the people can accept the con- 
straint by the seatbelt 12. In contrast, when the first 

15 winding load is equal to, or larger than 1 20N , major part 
of the people feel that the constraint by the seatbelt 12 
is at the acceptable limit or unacceptable. The lower limit 
value 80N of the first winding load is a value determined 
from a viewpoint of the protection of the passenger. 

20 [0026] Subsequently, a case in which a sudden brak- 
ing operation is performed in order to avoid collision will 
be described. In this case, it is determined to be "Yes", 
that is, the brake switch 43 is in the ON-state, in the 
above-described Step 102, and a second winding con- 

25 trol process is carried out in Step 120. 

[0027] In the second winding control process, the cur- 
rent amount flowing in the electric motor 20 is controlled 
in such a manner that the winding load of the seatbelt 
12 increases continuously at a second rising gradient 

30 (for example, 1 00N/90ms) and, when it reaches the pre- 
determined second winding load (for example, 160N), it 
is maintained at the second winding load (see a thick 
broken line in Fig. 3). By the control of this electric motor 
20, the seatbelt 12 is wound in the retractor device 13, 

35 and the passenger is constrained by the seatbelt 1 2 with 
a constraining force larger than the case of first winding 
control. 

[0028] The second rising gradient and the second 
winding load are set to large values from the viewpoint 

40 of protection of the passenger. However, in this case, 
since the passenger (operator) operates the brake, 
even when the second rising gradient is 1 00N/1 00ms or 
higher, and even when the second winding load is larger 
than 150N, many people do not have a feeling of dis- 

45 comfort according to the result of the experiment. 

[0029] There is a case in which the first winding con- 
trol is started at a moment when the second winding 
control is started. In this case, the current amount flow- 
ing in the electric motor 20 is controlled so that the wind- 

50 ing load of the seatbelt 1 2 is increased from the winding 
load of the seatbelt 1 2 currently under control to the sec- 
ond winding load at the second rising gradient. 
[0030] In this manner, according to the seatbelt appa- 
ratus according to the present embodiment, when the 

55 collision is predicted through the procedure in Steps 
104-116, the passenger is constrained at a relatively 
small winding load of the seatbelt 1 2 which increases at 
a relatively small rising gradient by the first winding con - 
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trol process in Step 118. Therefore, the passenger does 
not have a feeling of discomfort and is protected even 
when the vehicle collides. When the sudden braking op- 
eration is performed, the sudden braking operation is 
detected by the process in Step 1 02, and the passenger 
is constrained by a winding load which increases at a 
larger rising gradient than the first winding control and 
is larger than the same first winding control by the sec- 
ond winding control process in Step 120. In this case, 
since the passenger is conscious of the sudden braking 
operation, he/she does not have much feeling of dis- 
comfort even with a relatively large rising gradient and 
winding load. Then, even though the vehicle collides, 
protection of the passenger is ensured. 
[0031 J When the first and second winding controls of 
the seatbelt 12 are carried out, it is determined to be 
"Yes", that is, to be under winding control in Step 122, 
and the procedure goes to Step 124. In Step 124, the 
microcomputer 30 determines whether conditions of re-, 
leasing the winding control are satisfied or not. Such re- 
lease of the winding control of the seatbelt 12 is done 
because it is desirable to release the passenger from 
the constraint by the seatbelt 12 after the collision is 
avoided by the steering operation of the passenger, or 
the vehicle is stopped even when the collision is oc- 
curred. 

[0032] Therefore, in the release condition determina- 
tion process in Step 124, whether the sudden braking 
operation by the same procedure as in the above-de- 
scribed Step 1 02 is released, whether the collision is not 
predicted through the same procedure as in Steps 
1 04-1 1 6, whetherthe vehicle is in the stopped state, and 
whether more than the predetermined time is elapsed 
since the first or the second winding control has started 
are determined. When these release conditions are not 
satisfied, it is determined to be "No" in Step 124, and 
implement of the winding control program is ended once 
in Step 128. In this case, the first or second windmg con- 
trol process continues. 

[0033] On the other hand, when the above-described 
release conditions are satisfied, it is determined to be 
"Yes" in Step 124, the microcomputer 30 performs a 
winding control release process for stopping the control 
of the operation of the electric motor 20 in Step 126, and 
the implement of the winding control program is ended 
once In Step 128. Accordingly, the winding load of the 
seatbelt 12 is reduced, so that the passenger can pull 
out the seatbelt 12 freely. When the seatbelt 12 cannot 
be pulled out even when the winding control of the seat- 
belt 12 is ended due to a locking function of the retractor 
device 13, it is necessary to perform a process of re- 
leasing the locking function. 

[0034] Although the embodiments of the present in- 
vention has been described thus far, carrying out of the 
present invention is not limited to the above-described 
embodiments and the modifications thereof, and vari- 
ous changes may be made without departing the object 
of the present invention. 
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[0035] For example, in the above-described embodi- 
ment, the sudden braking operation is detected by the 
braking switch 43. However, various methods may be 
considered as regards thesudden braking operation. As 

5 shown by a broken line in Fig. 1, it is also possible to 
provide a brake pedal pressing amount sensor 44 for 
detecting a pressing amount of the brake pedal, and de- 
tect the sudden braking operation under the conditions 
that the pressing amount of the brake pedal detected by 

10 the same sensor 44 or a pressing speed of the brake 
pedal calculated from the detected pressing amount of 
the brake pedal is equal to or larger than the predeter- 
mined value. 

[0036] Alternatively, it is also possible to provide a 

15 brake pedal pressing force sensor 45 for detecting a 
brake pedal pressing force and detect the sudden brak- 
ing operation under the conditions that the brake pedal 
pressing force detected by the same sensor 45 or the 
varying speed of the brake pedal pressing force calcu- 

20 lated from the detected pressing force is equal to or larg- 
er than the predetermined value. In addition, it is possi- 
ble to provide a brake hydraulic pressure sensor 46 for 
detecting a hydraulic pressure in a route of brake oil (for 
example, an output side of a master cylinder for the 

25 brake), and detect the sudden braking operation under 
the conditions that the brake hydraulic pressure detect- 
ed by the same sensor 46 or the varying speed of the 
brake hydraulic pressure calculated from the detected 
brake hydraulic pressure is equal to or larger than the 

30 predetermined value. 

[0037] In the above-described embodiments, the 
length Lx with respect to the substance in front is de- 
tected by the radar device using extremely high-fre- 
quency wave (millimetric-wave) or ultrasonic wave. 

35 However, it is also possible to provide a camera in front 
of the vehicle and measure the existence of the sub- 
stance in front and the length Lx with respect to the sub- 
stance in front by the same camera. 
[0038] In the above-described embodiment, predic- 

40 tion of collision Is performed by using the vehicle velocity 
V and the collision time Ts through the process in Steps 
104-116. However, instead or in addition to it, it is also 
possible to predict the collision by the vehicle velocity 
of the vehicle in question, and the length to the sub- 

45 stance in front, or the varying state of the relative veloc- 
ity to the substance in front. 

[0039] In addition, in the above-described embodi- 
ment, the winding of the seatbelt 1 2 is performed by the 
rotation of the electric motor 20. However, it is also pos- 
50 sible to employ means other than the electric motor as 
long as it enables the winding of the seatbelt 12. 

Claims 

55 

1 . A vehicle seatbelt apparatus provided with a winder 
for winding a seatbelt comprising: 
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collision predicting means for predicting a col- 
lision with an object of collision; 
first winding control means for controlling the 
winder so as to wind the seatbelt at a first wind- 
ing load when a collision is predicted by the col- 5 
lision predicting means; 
emergency brake detecting means for detect- 
ing an emergency braking state; and 
second winding control means for controlling 
the winder so as to wind the seatbelt at a sec- 10 
ond winding load which is larger than the first 
winding load when the emergency braking 
state is detected by the emergency brake de- 
tecting means. 

15 

2. The vehicle seatbelt apparatus according to Claim 
1, characterized in that the first winding control 
means is adapted to increase a winding load of the 
seatbelt by the winder to the first winding load from 
a moment when the collision is predicted by the col- 20 
lision predicting means at a first rising gradient, and 
the second winding control means is adapted 
to increase a winding load of the seatbelt by the 
winder to the second winding load from a moment 
when the emergency braking state is detected by 25 
the emergency brake detecting means at a second 
rising gradient which is larger than the first rising 
gradient. 



3. The vehicle seatbelt apparatus according to Claim 
2, characterized in that the second rising gradient 
is set to a value equal to or larger than 100N/100ms. 

4. The vehicle seatbelt apparatus according to Claim 
2 or3, characterized in that the first rising gradient 
is set to a value equal to or larger than 1 0ON/t 80ms 
and smaller than 1 00N/1 00ms. 

5. The vehicle seatbelt apparatus according to any 
one of Claims 1 to 4, characterized in that the sec- 
ond winding load is set to a value equal to or larger 
than 150N. 

6. The vehicle seatbelt apparatus according to any 
one of Claims 1 to 5, characterized in that the first 
winding load is set to a value between 80N and 1 20 
N inclusive. 

7. The vehicle seatbelt apparatus according to any 
one of Claims 1 to 6, characterized in that the col- 
lision predicting means continuously detects a 
length from the vehicle in question to the object of 
collision, and predicts the collision with the object 
of collision based on the detected length which var- 
ies with time. 

8. The vehicle seatbelt apparatus according any one 
of Claims 1 to 7, characterized in that the emer- 



10 

gency brake detecting means detects the emergen- 
cy braking state based on at least any one of a 
pressing amount, a pressing speed, and pressing 
force of the brake pedal and a brake hydraulic pres- 
sure. 

9. A vehicle seatbelt apparatus provided with a winder 
for winding a seatbelt comprising: 

collision predicting means for predicting a col- 
lision with an object of collision; 
first winding control means for controlling the 
winder so as to wind the seatbelt from a mo- 
ment when the collision is predicted by the col- 
lision predicting means while increasing the 
winding load of the seatbelt at a first rising gra- 
dient; 

emergency brake detecting means for detect- 
ing an emergency braking state; and 
second winding control means for controlling 
the winder so as to wind the seatbelt while in- 
creasing the winding load of the seatbelt at a 
second rising gradient which is larger than the 
first rising gradient from a moment when the 
emergency braking state is detected by the 
emergency brake detecting means. 

10. The vehicle seatbelt apparatus according to Claim 
9, characterized in that the second rising gradient 

so js set to a value equal to or larger than 1 00N/1 00ms. 

11. The vehicle seatbelt apparatus according to Claim 
9 or 1 0, characterized in that the first rising gradi- 
ent is set to a value equal to or larger than 100N/ 

35 1 80ms and smaller than 1 00N/1 00ms. 

12. The vehicle seatbelt apparatus according to any 
one of Claims 9 to 11, characterized in that the 
collision predicting means continuously detects a 

40 length from the vehicle in question to the object of 
collision and detects the collision with the object of 
collision based on the detected length which varies 
with time. 

45 13. The vehicle seatbelt apparatus according to any 
one of Claims 9 to 12, characterized in that the 
emergency brake detecting means detects the 
emergency braking state based on at least any one 
of a pressing amount, a pressing speed, and press- 
so jng force of the brake pedal and a brake hydraulic 
pressure. 

1 4. A vehicle seatbelt apparatus provided with a winder 
for winding a seatbelt comprising; 
55 collision predicting means for predicting a col- 

lision with an object of collision; and 

winding control means for controlling the 
winder so as to wind the seatbelt at a predetermined 
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winding load between 80N and 120N inclusive 
when the collision is predicted by the collision pre- 
dicting means. 

15. The vehicle seatbelt apparatus according to Claim 5 
14, characterized in that the winding control 
means is adapted to increase the winding load of 
the seatbelt by the winder to the predetermined 
winding load from a moment when the collision is 
predicted by the collision predicting means at a pre- io 
determined rising gradient equal to or larger than 

1 00N/1 80ms and smaller than 1 00N/1 00ms. 

16. The vehicle seatbelt apparatus according to Claim 

14 or 15, characterized in that the collision pre- 15 
dieting means continuously detects a length from 
the vehicle in question to the object of collision, and 
predicts the collision with the object of collision 
based on the detected length which varies with 
time. 20 

17. A vehicle seatbelt apparatus provided with a winder 
for winding a seatbelt comprising: 

collision predicting means for predicting a col- 25 
lision with an object of collision, and - : . 
winding control means for controlling the wind- 
er so as to wind the seatbelt while increasing 
the winding load of the seatbelt from a moment 
when the collision is predicted by the collision 30 
predicting means at a predetermined rising gra- 
dient equal to or larger than 100N/180ms and 
smaller than 100N/100ms. 

18. The vehicle seatbelt apparatus according to Claim 35 
17, characterized in that the collision predicting 
means continuously detects a length from the vehi- 
cle in question to the object of collision and predicts 
the collision with the object of collision based on the 
detected length which varies with time. 40 
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